Introduction
The European bison, Bison bonasus (Linnaeus, 1758) has little known food preferences. Only in a few places in the world do European bison live outside enclosures and have a free choice of food. Białowieża Forest is such a place, although additional food is made available to animals during winter. The reasons for this winter supply of hay have never been clearly identified, but it is known to have started as early as in the 19th century. One unquestionable reason was, that a large number of the European bison, red deer and moose were kept for hunting purposes, so their nutritional needs had to be secured by man (Wróblewski 1927) . This tradition of hay supplies has been kept up to the present day. During snowless winters this fodder is not used (Z. Krasiński, personal inf.), a fact which suggests that it is not an indispensable condition for the winter survival.
Studies of the bisons' diet have been carried out so far by taking account of foraging traces (Koroćkina 1969a, b; Borowski and Kossak 1972) or by direct observation of their feeding behaviour in the field . Food preferences were also determined by means of cafeteria tests (Gębczyńska and Krasińska 1972) . Prior to these studies information on the food of this mammal was collected from foresters and farmers (cf. Wróblewski 1927 , Borowski et al. 1967 . Up to now, however, the bison's diet was not asscsed by analysing of the rumen contents, a method which gives direct, quantitative and qualitative estimation of the food intake, despite some limitations (Bergerud and Russell 1964, Gaare et al. 1978) .
The aim of this study was to find, which species of plants were eaten and in what amoints, by the free-living European bison within Białowieża Forest. A comparison was then nade between this data and results obtained in the same area from two other methods: (1) diet assessed by the traces of foraging (Koroćkina 1969a (Koroćkina , b, 1972 Borowski and Kossak l l 72) and (2) the study of feeding behaviour . It allowed not only to improve the knowledge about trophic relationships in the European bison but also to compare the validity of the basic methods used in assessing the diet of wild species of ruminants.
Material and methods
One-litre samples of rumen contents, fixed with 4% formalin, were collected in the field, after an incsion of the rumen wall and proper, thorough mixing of its contents. The samples were taken from anmals intentionally culled or killed in accidents. No samples were taken from animals found dead from natural caises. Data was obtained in this way from 44 individuals in winter, 10 in spring, 4 in summer and 9 in autumn The analysis began by rinsing the samples underrunning water, on a sieve with a 2 mm mesh. The filtrate contained small particles of food and mineral components, mainly sand. The filtrate, after passing through filter )aper and after drying, was weighed, however any identification of species or genera from these contents wa; not possible. Attempts to estimate the specific composition of this fraction indicated, that about 90% of the fra:tion were herbs and grasses, and the remaining 10% were leaves and ground twigs. To adjust the data on the food intake, the mass of the tree food was increased by 1/10 of the unidentified fraction, and the mass of the grasses, sedges and herbs by 9/10 of the undetermined fraction. It should be mentioned that although in the Eurcpean bison 19.5% of the rumen contents could not be identified, in other species, for example the caribou (Berjerud and Russell 1964), roe deer and red deer (Gębczyńska 1980 ) as much as 77%, 58%, and 45% respectively, were left undetermined. This comparatively small indeterminable amount in the European bison make: this method of diet assessment more accurate than in the caribou, roe and red deer.
Part of the rumen contents left on the sieve were identified under a dissection microscope. It allowed identification accurate to the level of species or genus. The grasses were much more difficult to identify, though they could be easily distinguished as a systematic group. Therefore they were treated together and idenified only as the family Gramineae. 
Study area

Results and discussion
The analysis of the rumen contents in the European bison living in Białowieża Forest shows that they eat over 90 species of plants, however this number does not take into account individual species of grasses which were not identified. A longer list of plants in the diet was made on the basis of the foraging trace analysis and, after Borowski and Kossak (1972) , it included 137 species, while after Koroćkina (1969a Koroćkina ( , b, 1972 -as many as 376 species.
Such large differences in the number of species recorded, i.e. eaten by the bison, may perhaps be explained by the level of accuracy in registering the foraging traces (data after Koroćkina 1969a , b, 1972 versus Borowski and Kossak 1972 . On the other hand, in identifying the specific composition of the rumen content, single plants eaten may escape observation and, besides, some of them are not identifiable. If, however, we compare the list of species (n = 137) set by Borowski and Kossak (1972) , and part of the list accepted by Koroćkina (1969a Koroćkina ( , 1972 as a basic composition (n = 130, where 45 were the species of trees and shrubs, plus 85 species of grasses and herbs), with our list (n = 93 species completed with 18 species of grasses after Koroćkina 1972) then all these lists range between 111 and 137 species of plants included in the diet of the bison in Białowieża Forest. Thus, it can be accepted that both methods, to some extent give a similar basic list of the plant species included in the diet.
The morphology of the alimentary tract in the European bison allows us to include it among animals feeding on grass and fibrous fodder (Hofmann 1978) , taken in large amounts and with little selectivity. Nevertheless, the bison prefer certain types of food, as well as specific species within these types. This is strongly supported by the fact, that in experimental conditions trees are conspicuously preferred (Gębczyńska and Krasińska 1972) . Other evidence of tree food preference is provided by our data on food in winter, where, in spite of grazing in the vicinity of the feeding racks stacked with an overabundance of hay, the bison still ate the twigs and bark from 13 species of trees and 4 species of shrubs. In this period, preferred species were: Picea excelsa, Belula pubescens, Carpinus betulus, Quercus robur (Table 1) . From spring to autumn the bison chose Picea excelsa, Pinus silvestris, Quercus robur, Betula pubescens, Carpinus betulus, Populus tremula (Table 1) . In this period similar preferences among tree species were recorded by the foraging trace method (Koroćkina 1969a, Borowski and Kossak 1972) . Also the cafeteria test showed that Quercur robur, Fraxinus excelsior, Acer platanoides, Salix caprea, Ulmus campestris, Malus silvestris were willingly eaten by the European bison (Gębczyńska and Krasińska 1972) .
As regards grasses, sedges and herbaceous plants, assessment of the diet composition clearly depends on the method used. Only several species like: Aegopodium podagraria, Urtica dioica, Ranunculus lanuginosus, give estimates consistent with the method of the rumen content analysis and the method of foraging trace observations (our data versus Borowski and Kossak 1972) . The assessment of the rumen contents shows that 50 species of plants occur over 10% and 22 species of plants over 20% within the diet components (Table 1) . Koroćkina (1972) calculated that 85 species of grasses, sedges and herbs were included in the basic diet, with 18 species belonging to the family of Gramineae, 15 to Compositeae, 20 to Leguminoseae and the remaining species belonging to other families.
The quantitative proportion of individual food types in the rumen contents is surprisingly stable, though from spring to autumn the bison acquire their food in a natural way, while in winter they mainly utilize the hay from the feeding racks (Table 2) . Despite this, grasses and sedges contribute from 65.5% (in spring) to 72.4% (in winter) of the rumen contents. Most herbaceous plants were found in autumn (6.7%) and least in winter (0.9%). Surprisingly the presence of trees in the diet was uniform throughout winter, spring and summer (from 7.4 to 2 To adjust data on food intake calculated by stomach contents analysis the mass of tree food was increased by 10% of the unidentified fraction, and the mass of grasses, sedges and herbs was increased by 90% respectively (for details see in the text).
9.8%) and only in autumn was it lower (4.3%). Mosses, ferns, horsetails and fungi were always found in amounts below one per cent of the total rumen contents ( Table 2 ). The adjustments used to incorporate the unidentifiable food in the rumen contents, correspondingly increased the proportion of trees and shrubs as well as grasses, sedges and herbs (compare Table 3 ). The presence of tree food in the diet of other ruminants in Białowieża Forest ranges considerably: in roe deer it comprises 12% in summer and 23% in winter (Gębczyńska 1980) . According to Kossak (1983) the roe deer covers its requirements of tree food from spring to autumn in variable amounts (from less than 10% to 60%); in the snowless period of winter about 15% and nearly 100% during permanent snow cover. On the other hand, in the red deer this proportion comprises 60% in autumn and winter (Gębczyńska 1980) . The European bison have additional hay provided in winter and this fact influences its diet composition during this season, the extent to which is not quite known.
During snowless winters the bison in Białowieża Forest did not utilize the food provided on racks (Z. Krasiński, personal inf.). However, so far it has not been possible to obtain samples of the rumen from such individuals. Only if this was possible could it be determined whether the proportion of the tree food taken by the European bison depends upon the season or not. There was a striking difference in the proportion of trees, shrubs, grasses and herbs in the bisons' diet from spring to autumn, when the various methods used, were compared (Table  3) . The results of food obtained using the method of foraging traces, tends to overestimate the percentage of tree food in the diet of the European bison. A similar fact was found in studies on roc deer and red deer (Gębczyńska 1980) . On the other hand direct observations of the bisons' feeding behaviour in the forest showed that most of their time is spent grazing as much as 95.2% of time, while barking and browsing constitutes only 4.8% . As the contents of the rumen indicates that the food taken from trees and shrubs contributes about 10% of the diet, it is likely that this food is digested quite slow or, even more likely, that the actual bites taken are of a substantial size. Accepting such an assumption allows us to say that direct observations of the bison feeding habits underestimates the amount of tree food in their diet. If we accept, according to the rumen contents, the quantitative estimates of the percentages of food groups as the nearest to the actual figure; it can be stated that the European bison feeds principally on grasses, sedges and herbs (about 90% of the diet) and supplements it with the tree food (about 10% of the diet). These figures remain in similar proportions also during the winter period, when additional feeding of the European bison in Białowieża Forest is applied.
